Measurement of mouse IgE, IgGI, and IgA antibodies. In the enzyme-linked immunosorbent assay (ELISA) method for IgE antibody, rat monoclonal antibody 6HD5 and Biotin-labeled antibody HMK-12, which were specific for murine IgE, were used as the first and second antibodies, respectively, and SPE7 IgE antibody was used as the standard (11) . Fifty microliters of 10-fold diluted serum sample or nondiluted culture supernatant were added to each well of a 96-well plate (Immulon II, Dynatec Laboratories, VA) and assayed by the method previously described (11) . All samples were assayed in duplicate.
For a measurement of the IgA antibody, rabbit antimouse IgA (ZYMED Laboratories, CA; code No. 61-6700), peroxidase-conjugated rabbit antimouse IgA (HRP-rabbit antimouse IgA, ZYMED Laboratories; code No. 61-6720), and purified mouse myeloma IgA (ZYMED Laboratories; code No. 02-6500) were used. For a measurement of the IgGI antibody, rabbit antimouse IgG and HRP-rabbit antimouse IgGI (ZYMED Laboratories; code Nos. 61-6000 and 61-0120, respectively) and purified mouse myeloma IgGI (ZYMED Laboratories; code No. 02-6100) were used. Fifty microliters of 7,500-fold diluted serum or 50,000-fold diluted intestinal contents (IC) and 2-fold diluted culture supernatant were added to each well of the plate and assayed by the ELISA method (12) . All samples were assayed in duplicate.
For a measurement of antigen-specific IgE, IgGI, and IgA antibodies, the serum sample and IC were diluted 10-fold with PBS.
Passive cutaneous anaphylaxis (PCA) reaction. PCA reaction was carried out according to Ovary et al (13) . Briefly, 0.2mL each of every 2-fold (from 10 to 80-fold) diluted serum samples of Ag, Ag-SPC, and Ag-SPD groups in Experiment A were injected intradermally on the hair-clipped dorsal surface of 3 Crj:CD(SD) rats (Charles River Japan, Yokohama). Following a 2-h sensitization period, the PCA reactions were elicited by challenging the rats intravenously with a mixture of 2.5mg crude shrimp and 5mg Evans blue in 1mL of PBS. After 30min, the rats were asphyxiated with ether and skinned to measure the diameters of the blue spots on the inner surface. The spots whose two-directional diameters were larger than 10mm were classified as positive reaction, and the maximum dilution of the serum showing positive reaction was recorded as PCA titer of the serum.
Statistical analysis. The statistical significance of the difference between the experimental and control groups was determined by Student's t test or analysis of variance (ANOVA) by using StatView v.4.5 (Abacus Concepts, CA). Antibody levels in blood samples and intestinal contents of mice treated with Spirulina extract concurrently ingested with antigen stimulation in Experiment A As shown in Fig. 2 , the total IgA antibody in the intestinal contents and the IgG1 in the serum of the Ag-SPD group were significantly enhanced in comparison with those of the Cont. and Ag groups. Antigen-specific IgA and IgG1 antibody levels similarly tended to be increased by Spirulina ingestion in the Ag-SPC or Ag-SPD group, though significant difference was not observed. Antigen-specific IgE antibody levels in the Ag, Ag-SPC, and Ag-SPD groups treated with shrimp antigen were significantly high in comparison with the Cont. group. The total and the antigen-specific IgE antibody levels of Ag-SPC and Ag-SPD were almost the same as those of the Ag group (Fig. 2B ). The differences of average PCA titers among the Ag, Ag-SPC, and Ag-SPD groups were not significant by ANOVA, though the total and antigen-specific IgE antibody titers in the sera showed significant correlation to PCA titers measured on the dorsal surface of Crj: CD rats. The correlation coefficients to total and antigen-specific IgE were 0.768 and 0.898, respectively (n=16, p<0.01).
IgA and IgGI antibody levels in culture supernatants of lymphoid cells from mice treated with Spirulina extract ingested before antigen stimulation in Experiment B
As shown in Fig. 3 , total IgA and IgG1 antibody productions in the culture supernatant of lymphoid cells from the mice of SPD-Ag, which was treated with Spirulina extracts followed by antigen stimulation, were greatly increased, especially in the spleen and mesenteric lymph node cells (p<0.01). The IgA level in the spleen and mesenteric lymph node cell culture of the SPD-Ag group was significantly increased in comparison with that of the Ag group treated with antigen stimulation but not with Spirulina extract. The increases of the total and antigen-specific IgG1 antibody levels in the spleen or mesenteric lymph node cell culture in SPD-Ag were not significant in comparison with those of the Ag group, except for a decrease of total IgG1 of the mesenteric lymph node cells. The IgA and IgG1 antibody production of the SPD group treated with Spirulina extract without antigen stimulation either was not affected or was slightly increased. The IgE antibody level in the culture supernatant of the lymphoid cells of the groups was less than the detection limit of the ELISA method.
DISCUSSION
Several published and unpublished studies have shown significant therapeutic effects of Spirulina or its extracts on animals and on humans. For example, it has been shown to have beneficial effects on hyperlipidemia, hypertension, diabetes, and atopic dermatidis and to exert antitumor effects (5) . Besides the extensive use of Spirulina as a food supplement for humans, it has recently been used increasingly as an animal feed supplement. Some recent studies have shown that feeding Spirulina to fish and poultry results in increased disease resistance and in improved survival and growth rates, which may be attributed to an improvement of immune functions (14) . Some reports have cited the suppression of delayed hypersensitivity by toluene-2,4-diisocyanate in mice fed Spirulina in chow (15) and the antitumor effect of Spirulina in hamsters through stimulation of the immune response , involving T-cell activation (16) . But immunological studies of Spirulina have been scarce . We previously reported that the immune response of mice fed with whole cells of Spirulina platensis was significantly increased, especially the numbers of splenic IgM-producing cells in the primary response , partly through the enhancement of macrophage functions such as phagocytosis and interleukin 1 (IL-1) induction (7). Moreover, it has been reported that intraperitoneally injected polysaccharides of a hot-water extract of Spirulina increased the percentage of peritoneal phagocytic cells besides increasing the hemolysin contents in the blood of mice (17) . Recently, a sulfated polysaccharide named calcium spirulan, isolated from a hot-water extract of Spirulina, was found to show an antiviral effect, that is, to inhibit the replication of several enveloped viruses, including HIV-1 and Herpes simplex (6) . In the present study, we investigated antibody productions of IgA and other classes in mice, such as IgE and IgGI, as possible sources of evidence of the protective effects of a hot-water extract of Spirulina toward food allergy and microbial infection. Orally administered crude shrimp extract was used as a stimulating antigen in the study because a significant induction of IgE antibody response following serial oral injection of the antigen in C3H/HeJ mice has been reported elsewhere (10, 18) . In the preliminary study, an ingestion of Spirulina extract alone did not increase the basal level of IgE antibody up to 5 weeks, whereas the IgE antibody level increased within 3 or 4 weeks following serial shrimp antigen stimulation (data not shown).
As shown in Fig. 2B , the antigen-specific IgE antibody was significantly increased in mice of the Ag group, which was orally immunized with shrimp antigen without Spirulina extract. The increase of the IgE antibody level by antigen stimulation observed in the Ag group, however, was not further enhanced by Spirulina concurrently ingested with antigen, as seen in the Ag-SPC and Ag-SPD groups. These results suggest that Spirulina appears neither to induce nor to enhance allergic reaction dependent on an IgE antibody such as food allergy. On the other hand, the IgG 1 antibody, which was increased by orally immunized antigen (Fig. 2C) , was further enhanced by the treatment of Spirulina extract, as observed in the Ag-SPD group. We further investigated the effects of Spirulina extract on IgA antibody production in the intestine of mice. The basal level of antibody was not affected by orally immunized antigen alone. It was noted that IgA antibody levels of mice in the Ag-SPD group, which were treated with Spirulina extract concurrently ingested with antigen, were significantly higher than those of the Ag and Cont. groups ( Fig. 2A) . The enhancement of IgA antibody production by Spirulina extract was further confirmed in Experiment B, as shown in Fig. 1 . The IgA antibody production in the cultured cells of lymphoid organs from mice treated with Spirulina extract for 4 weeks before antigen stimulation was examined. The IgA antibody level in the culture supernatant of lymphoid cells, especially in the spleen and mesenteric lymph node cells of the SPD-Ag group, resulted in significant enhancement of the antibody level in comparison with the Cont. and Ag groups (Fig. 3A) , whereas neither antigen stimulation alone nor the administration of Spirulina extract alone increased the IgA antibody level in any lymphoid organ. These results suggest that simultaneous treatment with antigen and Spirulina extract may enhance IgA production through a stimulation of the intestinal immune system. 
